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DESCRIPTION 
RADAR DEVICE 

Technical Field 

The present invention relates to a radar device, 
and in particular to a short-range radar device for 
on-vehicle application, blind persons and medical 
purposes employing a technique capable of searching 
the surrounding environment with a high resolution. 

Background Art 

In the prior art, a pulse radar device is used 
to search for the position (distance to and direction 
of the object) , size and motion of an object existing 
around the user as a short-range radar device for 
on-vehicle application, blind persons and medical 
purposes . 

FIG. 9 is a block diagram showing a configuration 
of the essential parts of a conventional pulse radar 
device 10. 

Specifically, in the pulse radar device 10, a 
trigger pulse generator 11 generates a trigger pulse 
Pt of a predetermined width periodically and outputs 
it to a transmitter 12. 

The transmitter 12 emits a radar wave P pulse- 
modulated by the trigger pulse Pt to an intended 
search space through a transmission antenna 12a. 



A receiver 13 receives, through a receiving 
antenna 13a, the wave R reflected from an object 1 
receiving the radar wave P. The receive signal Rr is 
detected by a detector 14 including a diode detection 
circuit and a detection signal D is output to a search 
control unit 15. 

The search control unit 15, based on the detection 
signal D output from the detector 14 during a predeter- 
mined length of time from the timing of emission of 
the radar wave P, checks the presence or absence of 
an object in the intended search space and the distance 
thereof and outputs the result visually or aurally in 
a form that can be grasped by the observer. 

In this case, though not shown, the gain of the 
receiver 13 is controlled by feeding back the detection 
signal D to the receiver 13. 

The above-mentioned radar device for making the 
search with the trigger pulse Pt generated at prede- 
termined time intervals T is disclosed in, for example, 
the non-patent document 1 described below. 

Non-patent document 1: Merrill I. Skolnik "RADAR 
HANDBOOK" 2nd ed. 1990, pp. 1.2 to 1.6. Also, a 
short-range radar device for medical purposes is 
disclosed, for example, in the following non-patent 
document 2 . 

Non-patent document 2: http://www.hrvcongress.org/ 
second/ first /placed_3 /St anderini_Art_Eng . pdf . The 
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pulse radar device 10 described above and known for 
a long time includes a long-range radar device large 
in size and output which can search for a large object 
such as an airplane or a ship located at a remote 
5 place. 

In recent years, however, a short-range radar 
device for personal use has been proposed to support 
the safe driving of automotive vehicles, protect 
visually-handicapped persons walking on the road or 

10 help monitor in-patients during the nighttime. As 

a frequency band dedicated to such a radar device, 
the assignment of a wide band (6 to 7 GHz) of 23 to 
29 GHz called UWB (Ultra Wide Band) is being studied. 
It is basically unavoidable that the personal 

15 short-range radar device interferes with other radar 

devices. The assignment of a wide band (6 to 7 GHz) 
as described above, however, can take advantage of 
the difference in transmission timing due to both the 
separation by frequency and a narrow pulse (1 nsec or 

20 less, for example) , and thus can reduce the effect of 

interference to a level posing practically no problem. 

The response rate of the diode detection circuit 
comprising the detector 14 described above, however, 
is at most about 100 nsec, and cannot correctly reflect 

25 the strength of the reflected wave R having a pulse 

as narrow as not more than 1 nsec as described above, 
thereby posing the problem that a high-resolution 



search with a radar wave having a narrow pulse width 
is impossible. 

The strength of the reflected wave Rr which the 
radar device receives from the object 1 is inversely 
proportional to the fourth power of the distance to 
the object 1. In the case of a short-range radar 
device, therefore, a slight distance change causes a 
sharp, large change of the input level of the reflected 
wave Rr. The conventional gain control method of the 
feedback type cannot follow this sharp change and may 
be unable to recognize the level of the reflected wave 
correctly. 

Disclosure of Invention 

Accordingly, it is an object of this invention to 
solve the aforementioned problems and provide a radar 
device capable of correctly searching the surrounding 
environment with a high resolution. 

In order to achieve the above object, according 
to a first aspect of the present invention, there is 
provided a radar device comprising: 

a trigger pulse generator (21) which generates a 
trigger pulse of a predetermined width at a predeter- 
mined period; 

a transmitter (22) which emits into an intended 
search space a radar wave having a predetermined 
frequency pulse-modulated by the trigger pulse from 
the trigger pulse generator (21); 
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a receiver (23) which receives a reflected wave 
of the radar wave emitted by the transmitter (22) and 
outputs a receive signal; 

a delay unit (24) which delays the trigger pulse 
5 from the trigger pulse generator (21) by a predeter- 

mined delay time; 

a local pulse generator (25) which outputs a 
local pulse signal having the predetermined frequency 
pulse-modulated by the trigger pulse delayed by the 
10 predetermined delay time by the delay unit (24); 

a correlation value detector (26) which determines 
a strength correlation value between the receive signal 
output from the receiver (23) and the local pulse 
signal output from the local pulse generator (25); 
15 a delay time changing unit (30) which sequentially 

changes the predetermined delay time of the delay 
unit (24) within a range of the predetermined period 
representing a generation period of the trigger pulse 
generated by the trigger pulse generator (21) ; 
20 a correlation value storage unit (31) which 

stores the strength correlation value detected by 
the correlation value detector (26) for each delay 
time changed by the delay time changing unit (30); 
a frequency distribution generator (32) which 
25 generates a frequency distribution of the strength 

correlation value stored in the correlation value 
storage unit (31) with respect to the delay time; and 



a search control unit (35) which executes an 
analyzation for the intended search space based on 
the frequency distribution generated by the frequency 
distribution generator (32). 

In order to achieve the above object, according 
to a second aspect of the present invention, there is 
provided a radar device according to the first aspect, 

wherein the receiver is configured to change 
a receiving gain against the reflected wave, 

the radar device further comprising a gain 
changing unit which variably controls the receiving 
gain of the receiver in accordance with the delay time 
changed by the delay time changing unit and suppresses 
a change in an output level of the receive signal due 
to a difference in the delay time. 

In order to achieve the above object, according 
to a third aspect of the present invention, there is 
provided a radar device according to the first aspect, 

wherein the correction value detector (26) 
comprises : 

a multiplication circuit (27) which multiplies the 
receive signal output from the receiver by the local 
pulse signal output from the local pulse generator, and 

an integration circuit (28) which integrates 
a multiplication output from the multiplication 
circuit (27 ) . 

In order to achieve the above object, according 



to a fourth aspect of the present invention, there is 
provided a radar device according to the third aspect, 
further comprising an analog-to-digital (A/D) converter 
(29) which converts an integration output from the 
integration circuit (28) from an analog to a digital 
signal, 

wherein the correlation value storage unit (31) 
stores the digital signal converted by the A/D 
converter (29) as the strength correlation value. 

In order to achieve the above object, according 
to a fifth aspect of the present invention, there is 
provided a radar device according to the third aspect, 

wherein the integration circuit (28) is comprised 
of a Miller integrator. 

In order to achieve the above object, according 
to a sixth aspect of the present invention, there is 
provided a radar device according to the first aspect, 

wherein the correlation value detector (26) 
comprises : 

a 90-degree phase shifter (41) which divides 
the local pulse signal output from the local pulse 
generator (25) into two signals having 90 degrees 
of phase difference each other, 

a 0-degree distributor (42) which divides the 
receive signal output from the receiver (23) into 
two signals in phase with each other, 

first and second multiplication circuits 
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(27A, 27B) which each multiplys the local pulse 
signal divided into the two signals having 90 degrees 
of phase difference each other by the 90-degree phase 
shifter (41), respectively, with the receive signal 
divided into the two signals in phase with each other 
by the 0-degree distributor (42), 

first and second integration circuits (28A, 28B) 
which each integrates multiplication outputs from the 
first and second multiplication circuits (27A, 27B) , 
respectively, 

first and second A/D converters (29A, 29B) which 
each converts integration outputs form the first and 
second integration circuits (28A, 28B) , respectively, 
from an analog to a digital signal, 

first and second square operators (43A, 43B) which 
each squares digital signals converted by the first and 
second A/D converters (29A, 29B) , respectively, and 

an adder (44) which adds square operation results 
from the first and second square operators (43A, 43B) 
and outputs a result of addition as the strength 
correlation value, and 

the correlation value storage unit (31) stores the 
result of addition output as the strength correlation 
value from the adder (44). 

In order to achieve the above object, according 
to a seventh aspect of the present invention, there is 
provided a radar device according to the sixth aspect, 
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wherein the correlation value detector (26) 
further comprises a square rooter (45) which determines 
a square root of the result of addition from the adder 
(44) and outputs the square root as the strength 
5 correlation value, and 

the correlation value storage unit (31) stores 
the square root output as the strength correlation 
value from the square rooter (45). 

In order to achieve the above object, according 
10 to an eighth aspect of the present invention, there is 

provided a radar device according to the first aspect, 

wherein the trigger pulse generator (21) generates 
a trigger pulse Pt having the predetermined width W 
of about 1 nsec for about 100 nsec at the predetermined 
15 period T and outputs the trigger pulse Pt to the 

transmitter (22) and the delay unit (24). 

In order to achieve the above object, according 
to a ninth aspect of the present invention, there is 
provided a radar device according to the eighth aspect, 
20 wherein the transmitter (22) generates a radar 

wave of UWB (Ultra Wide Band) of 6 to 7 GHz in the 
frequency range of 23 to 29 GHz as a radar wave having 
the predetermined frequency pulse-modulated by the 
trigger pulse. 

25 In order to achieve the above object, according 

to a tenth aspect of the present invention, there is 
provided a radar device according to the first aspect, 
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wherein the receiver (23) comprises: 

a variable-gain amplifier (23b) which receives and 
amplifies a reflected wave from an object (1) which is 
received the radar wave emitted by the transmitter (22) 
into the intended search space, and 

a bandpass filter (BPF) (23c) which limits a 
band of an amplified output from the variable-gain 
amplifier (23b) and outputs as the receive signal to 
the correlation value detector (26) . 

In order to achieve the above object, according to 
an eleventh aspect of the present invention, there is 
provided a radar device according to the first aspect, 

wherein the delay unit (24) is configured as 
a combination of delay means for coarse adjustment 
capable of changing the predetermined delay time in 
a large step based on a change instruction of the 
delay time changing unit (30) and delay means for fine 
adjustment capable of changing the delay time finely 
in the large step. 

In order to achieve the above object, according 
to a twelfth aspect of the present invention, there 
is provided a radar device according to the eleventh 
aspect, 

wherein the delay means for coarse adjustment 
changes the predetermined delay time in steps of 
about 10 nsec, and the delay means for fine adjustment 
changes the predetermined delay time in steps of 
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about 0 . 1 nsec . 

In order to achieve the above object, according to 
a thirteenth aspect of the present invention, there is 
provided a radar device according to the first aspect, 
5 used as a short-range radar device for on-vehicle 

application . 

In order to achieve the above object, according to 
a fourteenth aspect of the present invention, there is 
provided a radar device according to the first aspect, 

10 used as a short-range radar device for blind persons. 

In order to achieve the above object, according 
to a fifteenth aspect of the present invention, there 
is provided a radar device according to the first 
aspect, used as a short-range radar device for medical 

15 purposes. 

In the radar device according to the aforemen- 
tioned aspects of the invention, the receive signal is 
multiplied with the local pulse signal pulse-modulated 
by a delayed trigger pulse and the multiplication 

20 output thereof is integrated to detect the strength 

correlation value of the two signals. At the 
same time, the delay time of the trigger pulse 
is sequentially changed to determine the strength 
correlation value for each delay time, and the 

25 frequency distribution of the strength correlation 

value against the delay time is generated. Based 
on this frequency distribution, the intended search 
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space is analyzed. 

Specifically, in the radar device according to the 
aforementioned aspects of the invention, unlike in the 
conventional radar device, the receive signal is not 
detected by a diode. Even a short-range radar device 
using a radar wave of a narrow pulse width, therefore, 
can grasp the strength of the reflected wave correctly 
from the frequency distribution of the strength corre- 
lation value against the delay time, thereby making a 
high-resolution search possible. 

Also, in the radar device according to the 
aforementioned aspects of the invention, the receiving 
gain of the receiver against the reflected wave is 
variably controlled in accordance with the variable 
delay time thereby to suppress the level change of 
the receive signal with the difference in delay time. 

As a result, the radar device according to the 
aforementioned aspects of the invention can prevent 
a signal of an excessively large level from being 
input to the correlation detection section and thus 
can detect the correlation value correctly within the 
proper operation range. 

Brief Description of Drawings 

FIG. 1 is a block diagram showing a configuration 
of the radar device according to an embodiment of the 
invention . 

FIG. 2 is a block diagram showing an example 
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of the configuration of the essential parts shown 
in FIG. 1. 

FIG. 3A is a signal waveform diagram showing 
the trigger pulses Pt generated by a trigger pulse 
5 generator to explain the operation of the radar device 

of FIG. 1. 

FIG. 3B is a signal waveform diagram showing 
a radar wave P output by a transmitter to explain 
the operation of the radar device of FIG. 1. 
10 FIG. 3C is a signal waveform diagram showing 

the trigger pulses Pt' delayed by a delay unit to 
explain the operation of the radar device of FIG. 1. 

FIG. 3D is a waveform diagram showing a local 
pulse signal L generated by a local pulse generator to 
15 explain the operation of the radar device of FIG. 1. 

FIG. 3E is a waveform diagram showing a reflected 
wave R from an object to explain the operation of the 
radar device of FIG. 1. 

FIG. 3F is a waveform diagram showing a receive 
20 signal Rr from the receiver to explain the operation of 

the radar device of FIG. 1. 

FIG. 3G is a diagram showing a strength correla- 
tion value H output by a correlation value detector 
to explain the operation of the radar device of FIG. 1. 
25 FIG. 4A is a waveform diagram showing the kth 

local pulse signal L generated by the local pulse 
generator to explain the operation of the correlation 
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value detector of the radar device of FIG. 1. 

FIG. 4B is a waveform diagram showing a receive 
signal Rr from the receiver corresponding to the 
kth local pulse signal L generated by the local pulse 
5 generator to explain the operation of the correlation 

value detector of the radar device of FIG. 1. 

FIG. 4C is a waveform diagram showing a multi- 
plication signal B output by a multiplication circuit 
corresponding to the kth local pulse signal L generated 
10 by the local pulse generator to explain the operation 

of the correlation value detector of the radar device 
of FIG. 1. 

FIG. 4D is a waveform diagram showing a strength 
correlation value H based on the result of integration 

15 by an integration circuit corresponding to the kth 

local pulse signal L generated by the local pulse 
generator to explain the operation of the correlation 
value detector of the radar device of FIG. 1. 

FIG. 5A is a waveform diagram showing the 

20 (k+a)-th local pulse signal L generated by the 

local pulse generator to explain the operation of 
the correlation value detector of the radar device 
of FIG. 1. 

FIG. 5B is a waveform diagram showing the 
25 receive signal Rr from the receiver corresponding to 

the (k+a)-th local pulse signal L generated by the 
local pulse generator to explain the operation of 



the correlation value detector of the radar device 
of FIG . 1. 

FIG. 5C is a waveform diagram showing a multipli- 
cation signal B output by the multiplication circuit 
corresponding to the (k+a)-th local pulse signal L 
generated by the local pulse generator to explain 
the operation of the correlation value detector of 
the radar device of FIG. 1. 

FIG. 5D is a waveform diagram showing a strength 
correlation value H based on the result of integration 
by an integration circuit corresponding to the (k+a)-th 
local pulse signal L generated by the local pulse 
generator to explain the operation of the correlation 
value detector of the radar device of FIG. 1. 

FIG. 6A is a waveform diagram showing the (k+b)-th 
(b > a) local pulse signal L generated by the local 
pulse generator to explain the operation of the corre- 
lation value detector of the radar device of FIG. 1. 

FIG. 6B is a waveform diagram showing the 
receive signal Rr from the receiver corresponding to 
the (k+b)-th local pulse signal L generated by the 
local pulse generator to explain the operation of 
the correlation value detector of the radar device 
of FIG. 1. 

FIG. 6C is a waveform diagram showing a multipli- 
cation signal B output by the multiplication circuit 
corresponding to the (k+b)-th local pulse signal L 
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generated by the local pulse generator to explain 
the operation of the correlation value detector of 
the radar device of FIG. 1. 

FIG. 6D is a waveform diagram showing a strength 
5 correlation value H based on the result of integration 

by an integration circuit corresponding to the (k+b)-th 
local pulse signal L generated by the local pulse 
generator to explain the operation of the correlation 
value detector of the radar device of FIG. 1. 
10 FIG. 7 is a diagram showing an example of the 

frequency distribution generated by a frequency 
distribution generator to explain the operation of 
the radar device of FIG. 1. 

FIG. 8 is a block diagram showing the correlation 
15 value detector as a configuration of the essential 

parts of the radar device according to another embodi- 
ment of the invention. 

FIG. 9 is a block diagram showing a configuration 
of the conventional radar device. 
20 FIG. 10 is a block diagram for explaining a 

specific example of the correlation value storage unit 
and the frequency distribution generator of the radar 
device shown in FIG. 1. 

Best Mode for Carrying Out the Invention 
25 Embodiments of the invention are explained below 

with reference to the drawings. 

FIG. 1 is a block diagram showing a configuration 
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of a radar device 20 according to an embodiment of 
the invention used as a short-range radar device for 
on-vehicle application, blind persons and medical 
purposes . 

5 The basic configuration of the radar device 

according to this invention, as shown in FIG. 1, 
comprises a trigger pulse generator 21 for generating 
trigger pulses of a predetermined width at predeter- 
mined time intervals, a transmitter 22 for emitting, 

10 into the intended search space, a radar wave having 

a predetermined frequency pulse-modulated by the 
trigger pulse from the trigger pulse generator 21, 
a receiver 23 for receiving a reflected wave of the 
radar wave emitted by the transmitter 22 and reflected 

15 and outputting a receive signal, a delay unit 24 

for delaying the trigger pulse from the trigger pulse 
generator 21 for a predetermined delay time, a local 
pulse generator 25 for outputting a local pulse signal 
having the predetermined frequency pulse-modulated by 

20 the trigger pulse delayed for the predetermined delay 

time by the delay unit 24, a correlation value detector 
26 for determining a strength correlation value between 
the receive signal output from the receiver 23 and 
the local pulse signal output from the local pulse 

25 generator 25, a delay time changing unit 30 for 

sequentially changing the predetermined delay time of 
the delay unit 24 within a range of the predetermined 
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period representing a generation period of the trigger 
pulse generated by the trigger pulse generator 21, 
a correlation value storage unit 31 for storing the 
strength correlation value detected by the correlation 
value detector 26 for each delay time changed by the 
delay time changing unit 30, a frequency distribution 
generator 32 for generating a frequency distribution 
of the strength correlation value stored in the 
correlation value storage unit 31 with respect to the 
delay time, and a search control unit 35 for executing 
an analyzation for the intended search space, based on 
the frequency distribution generated by the frequency 
distribution generator 32. 

Specifically, in FIG. 1, the trigger pulse 
generator 21 generates the trigger pulses Pt having 
a predetermined width W (1 nsec, for example) with 
a predetermined period T (100 nsec, for example) 
and outputs them to the transmitter 22 and the delay 
unit 24. 

The transmitter 22 generates a search radar wave 
P having a wide band width of 6 to 7 GHz of UWB 
(Ultra Wide Band) in the frequency of 23 to 29 GHz, 
for example, as a predetermined frequency (carrier 
frequency) pulse-modulated by the trigger pulses Pt 
from the trigger pulse generator 21, and emits the 
radar wave P into the intended search space through 
a transmission antenna 22a. 



The receiver 23 receives, through a receiving 
antenna 23a, a reflected wave R from an object 1 which 
has received the radar wave P emitted into the intended 
search space from the transmitter 22. 

In the receiver 23, the reflected wave R is 
amplified by a gain-variable amplifier 23b, and the 
band width of the amplified output thereof is limited 
by a BPF (bandpass filter) 23c. In this way, the 
interference wave from other communication systems 
is removed and a receive signal Rr is output to 
the correlation value detector 26 described later. 

Incidentally, an attenuator with the attenuation 
amount thereof variable can alternatively be used to 
change the gain in the receiver 23. 

Also, the transmission antenna 22a and the 
receiving antenna 23a may be used for common. 

On the other hand, the delay unit 24 receives 
the trigger pulses Pt output from the trigger pulse 
generator 21. Each trigger pulse Pt, after being 
delayed for a predetermined delay time x designated 
variably, is output to the local pulse generator 25 
from the delay time changing unit 30 described later. 

On the other hand, the delay unit 24 receives 
the trigger pulses Pt output from the trigger pulse 
generator 21. Each trigger pulse Pt, after being 
delayed for a designated delay time x, is output to 
the local pulse generator 25 from the delay time 
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changing unit 30 described later. 

This delay unit 24 can be configured by combining 
delay means 24a for coarse adjustment capable of 
changing the delay time in large steps (10 nsec, 
5 for example) and delay means 24b for fine adjustment 

capable of changing the delay time finely (0.1 nsec, 
for example) in each of the large steps. 

The local pulse generator 25 generates a local 
pulse signal L having a predetermined frequency 
10 pulse-modulated by the trigger pulses Pt' delayed 

by the delay unit 24 and outputs the local pulse 
signal L to the correlation value detector 26. 

In this case, the predetermined frequency (carrier 
frequency) of the local pulse signal L is assumed to 
15 be equal to the carrier frequency of the radar wave P 

emitted by the transmitter 22. 

The correlation value detector 26 is for 
determining the strength correlation value H between 
the receive signal Rr output from the receiver 23 and 
20 the local pulse signal L output from the local pulse 

generator 25, and in FIG. 1, configured of a multipli- 
cation circuit 27 and an integration circuit 28. 

The multiplication circuit 27, which is configured 
of a double-balanced mixer, multiplies the receive 
25 signal Rr and the local pulse signal L with each other 

and outputs a resulting product signal B to the 
integration circuit 28. 
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The integration circuit 28 integrates the product 
signal B input from the multiplication circuit 27 for 
the period of time (1 nsec, for example) during which 
the trigger pulse Pt' is output from the delay unit 24. 
5 As shown in FIG. 2, for example, this integration 

circuit 28 comprises a Miller integration circuit 
configured of a resistor 28a, a capacitor 28b, an 
inverting amplifier 28c, a charging switch 28d, a 
discharging switch 28e and an inverting amplifier 

10 28f for inverting the output polarity. 

In the integration circuit 28 having this 
configuration, the charging switch 28d is closed to 
integrate the product signal B only during the time 
when the trigger pulse Pt' is input from the delay 

15 unit 24. After complete input of the trigger pulse 

Pt', the charging switch 28d is opened to hold the 
result of integration and the value thus held with 
the polarity thereof inverted is output as a strength 
correlation value H. 

20 At an arbitrary timing before the next trigger 

pulse Pt' is input, the integration circuit 28 
temporarily closes the discharging switch 28e and 
thus discharges the capacitor 28b in preparation 
for the integration of the next trigger pulse Pt' . 

25 This integration circuit 28 is not limited to 

the configuration described above, but by omitting 
the charging switch 28d, for example, may alternatively 
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be so configured that the result of integration is held 
by sampling in the analog/digital (A/D) converter 29 
described later immediately before the end of the input 
period of the trigger pulse Pt' . 
5 In the process, the discharging switch 28e of 

the integration circuit 28 may be kept closed before 
the trigger pulse Pt' is input. 

The strength correlation value H held by the 
correlation value detector 26 is converted to a 

10 digital value by the A/D converter 29 before discharge, 

and stored with a corresponding delay time x in the 
correlation value storage unit 31 described later. 

The delay time changing unit 30, on the other 
hand, sequentially changes the predetermined delay 

15 time x of the delay unit 24 each time the trigger pulse 

is generated during the period T when the trigger 
pulses Pt are generated. 

The changing mode of this delay time x is desig- 
nated by the search control unit 35 described later. 

20 In the case where the coarse search mode is designated, 

for example, the timing of the trigger pulse Pr delayed 
by the width W thereof, i.e. x = W is set as an initial 
value, from which the delay time x is increased by 
Ax each time the trigger pulse Pt is output. After 

25 changing the delay time x to T - Ax in this way, 

the delay time is returned to x = W. This process 
is repeated. 
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The change width At for the coarse search mode is 
set to about a value which is not less than the minimum 
changing step of the delay time in the delay unit 24 
and at which the presence or absence of an object in 
5 the intended search space is recognizable (0.4 nsec, 

for example) . 

In the case where the fine search mode within 
a predetermined delay time range is designated by 
the search control unit 35, on the other hand, the 

10 delay time is changed with a smaller change width Ax 

(0.1 nsec, for example) within the particular range. 

The strength correlation value H converted into a 
digital value by the A/D converter 29 is stored in the 
correlation value storage unit 31 with a corresponding 

15 delay time t associated with the time when a particular 

strength correlation value H is obtained. 

More specifically, as shown in FIG . 10, the 
strength correlation value H is stored in a memory 
(RAM) 100 of the correlation value storage unit 31, for 

20 example, in such a manner that on the assumption that 

the memory (RAM) 100 has an address space corresponding 
to the variable width (a delay amount expressed in 8 
bits, for example) of the delay time x and the strength 
correlation value H (an input value expressed in 8 

25 bits, for example) converted into a digital value, 

an address corresponding to the delay time x and the 
digital strength correlation value H is designated 



24 



in the memory (RAM) so that the strength correlation 
value H is stored at the particular address. 

The frequency distribution generator 32 generates 
a frequency distribution of the strength correlation 
5 value H with respect to the delay time t based on the 

strength correlation value H stored in the correlation 
value storage unit 31. 

In this case, the frequency distribution 
generator 32 and the correlation value storage unit 

10 31 are configured in a manner correlated to each 

other as shown in the specific example of FIG. 10 
described later, and the frequency distribution of 
the strength correlation value H can be generated 
using, for example, the cross-over value distribution 

15 measuring technique as disclosed in Patent Document 1, 

the amplitude probability distribution measuring 
technique as disclosed in Patent Document 2 or the 
time width distribution measuring technique as 
disclosed in Patent Document 2. 

20 Patent Document 1: Japanese Patent No. 2899879 

Patent Document 2: Japanese Patent No. 3156152 
Patent Document 3: Japanese Patent No. 2920828 

The distribution measuring techniques disclosed 
in these Patent Documents 1 to 3 are developed by 

25 the present inventor and others. 

More specifically, the frequency distribution 
generator 32 can generate the frequency distribution 
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of the strength correlation value H against the delay 
time x based on the correlation value H stored in the 
memory { RAM) 100 of the correlation value storage unit 
31 in such a manner that a +1 adder 101 connected to 
5 the memory ( RAM) 100 of the correlation value storage 

unit 31 as shown in FIG. 10, for example, adds 1 to 
the strength correlation value H stored in the memory 
(RAM) 100, and the result of addition is stored again 
in the memory (RAM) 100 while at the same time updating 

10 the strength correlation value H upward by unity. 

Incidentally, in the case where the gain of the 
receiver 23 is variably controlled by being changed 
in accordance with the delay time t as described later, 
the strength correlation value H detected by the 

15 correlation value detector 26 changes with the gain 

of the receiver 23. Therefore, the gain change of 
the receiver 23 with respect to the detected strength 
correlation value H is corrected so that the corre- 
lation value corresponding to the strength of the 

20 reflected wave R is determined thereby to generate 

the frequency distribution. 

Also, the gain changing unit 33 controls by 
changing the receiving gain of the receiver 23 
with respect to the receive signal Rr, i.e. the gain 

25 of the amplifier 23b in accordance with the delay 

time x changed by the delay time changing unit 30. 

This gain change operation is performed in such 
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a manner that the gain of the amplifier 23b is reduced 
more, the smaller the delay time x thereby to stabilize 
the level of the receive signal Rr output from the 
receiver 23. 

5 The delay time x is proportional to the distance, 

and the input strength of the receive signal Rr is 
inversely proportional to the fourth power of the 
distance. In the case where the delay time x is 
changed downward to 1/2, for example, the gain of the 

10 amplifier 23b is reduced to 1/16 in advance. By doing 

so, a sharp and large level change of the receive 
signal Rr can be positively suppressed, and a signal 
of an excessively large level is prevented from being 
input to the correlation value detector 26. 

15 The search control unit 35, based on the frequency 

distribution generated by the frequency distribution 
generator 32, analyzes the intended search space by 
determining whether the object 1 is present or absent 
in the intended search space, detecting the distance 

20 to the object 1 and the direction in which the object 1 

moves and giving an instruction to change the mode 
of the delay time changing unit 30, while at the same 
time aurally announcing the information obtained by the 
analysis . 

25 Next, the operation of the radar device 20 having 

the above-mentioned configuration is explained. 

After the trigger pulse Pt having a width W is 
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output at the period T as shown in FIG. 3A from the 
trigger pulse generator 21 to the transmitter 22 and 
the delay unit 24, the radar wave P pulse-modulated 
by the trigger pulse Pt is emitted from the transmitter 
5 22 into the intended search space as shown in FIG. 3B. 

Also, from the delay unit 24, the trigger pulses 
Pt' each delayed by a predetermined step At, i.e. x = W, 
W+At, W+2-At, W+3-At and so forth are output as shown 
in FIG. 3C. 

10 From the local pulse generator 25 that has 

received the trigger pulse Pt 7 , as shown in FIG. 3D, 
the local pulse signal L having a predetermined 
frequency pulse-modulated by the trigger pulse Pt' 
as described above is output. 

15 The radar wave P emitted by the transmitter 22, 

on the other hand, is reflected on the object 1 in 
the intended search space, and a part thereof enters 
the receiver 23 as a reflected wave R as shown in 
FIG. 3E, while the receive signal Rr corresponding to 

20 the reflected wave R is output as shown in FIG. 3F. 

In the initial stages where the delay time x is 
small, the gain of the receiver 23 is set to a very low 
value, and therefore the level of the receive signal Rr 
output from the receiver 23 is low. 

25 The receive signal Rr and the local pulse signal 

L are input to the correlation value detector 26 and 
the strength correlation value H thereof is detected. 
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In the initial stages where the object 1 in the 
intended search space is located at a comparatively- 
distant position, as shown in FIGS . 3A to 3G, the input 
period of the receive signal Rr fails to coincide with 
5 the input period of the local pulse signal L, and 

the product thereof is zero. Therefore, as shown in 
FIG. 3G, the strength correlation value H(i, j) is zero 
(in this case, assuming that the system is not affected 
by noise or the like) . 

10 Incidentally, the suffix i of the strength 

correlation value H(i, j) indicates the number of times 
the search is conducted as expressed in units each 
representing the sequential change of the delay time 
t from the initial value W to the final value (T - Ax) , 

15 while the suffix j indicates the number of times the 

radar wave P is output during one search session. 

In the case where the delay time t increases 
with respect to the trigger pulse Pt to such an extent 
that as shown in FIG. 4B, the front portion of the 

20 input period of the receive signal Rr is superposed 

on the input period of the kth local pulse signal L 
shown in FIG. 4A and both signals are in phase with 
each other, then the product signal B output from 
the multiplication circuit 27 of the correlation value 

25 detector 26 assumes a positive fully rectified waveform 

as shown in FIG. 4C. 

The result of integration by the integration 
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circuit 28 of the correlation value detector 26, as 
shown in FIG . 4D, monotonically increases in steps 
until the end of the superposed period, and the 
integration result as of the end of the superposed 
5 period is held. 

The value thus held is stored as a strength 
correlation value H(l, k) through the A/D converter 
29 in the correlation value storage unit 31 with 
a corresponding delay time x = W + (k - l)Ax. 

10 In this case, the strength correlation value 

H(l, k) is proportional to the ratio of superposition 
of the input periods between the local pulse signal 
L and the receive signal Rr. 

In the case where the delay time x with respect 

15 to the trigger pulse Pt further increases to such 

an extent that as shown in FIG. 5B, the input period 
of the receive signal Rr is superposed substantially 
entirely on the input period of the (k+a)-th local 
pulse signal L shown in FIG. 5A and both signals are 

20 in phase with each other, then the product signal B 

output from the multiplication circuit 27 of the 
correlation value detector 26 assumes a positive full 
rectified waveform as shown in FIG. 5C. 

The result of integration by the integration 

25 circuit 28 of the correlation value detector 26, as 

shown in FIG. 5D, monotonically increases in steps 
until the end of the superposed period, and the 
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integration result as of the end of the superposed 
period is held. 

The value thus held is stored with a corresponding 
delay time t = W + (k+a - l)Ax. 
5 This strength correlation value H(l, k+a) assumes 

a still larger value (maximum value) than the strength 
correlation value H(l, k) described above since the 
superposed period of the two signals is longer. 

In the case where the delay time x with respect 

10 to the trigger pulse Pt further increases to such an 

extent that as shown in FIG. 6B, the ■ rear portion of 
the input period of the receive signal Rr is superposed 
on the input period of the (k+b)-th (b > a) local pulse 
signal L shown in FIG. 6A and both signals are in phase 

15 with each other, then the product signal B output from 

the multiplication circuit 27 of the correlation value 
detector 26 assumes a positive fully rectified waveform 
as shown in FIG. 6C . 

The result of integration by the integration 

20 circuit 28 of the correlation value detector 26, as 

shown in FIG. 6D, monotonically increases in steps 
until the end of the superposed period, and the 
integration result as of the end of the superposed 
period is held. 

25 The value thus held is converted into a 

strength correlation value H(l, k+b) through the A/D 
converter 29, and stored with a corresponding delay 



31 

time x = W + (k+b - l)Ax (b > a) in the correlation 
storage unit 31. 

This strength correlation value H(l, k+b) assumes 
a smaller value than the correlation value H(l, k+a) 
5 described above since the superposed period of the two 

signals is shorter. 

Incidentally, in the case where the phase of 
the receive signal Rr is inverted to that of the 
local pulse signal L as shown by dotted line in 

10 FIGS. 4B, 5B and 6B, the result of multiplication in 

the correlation value detector 26 assumes a negative 
fully rectified waveform as shown by dotted line in 
FIGS. 4C, 5C and 6C. 

The result of integration in the correlation 

15 value detector 26 monotonically decreases until the 

end of the superposed period as shown by dotted line 
in FIGS. 4D, 5D and 6D, although the relation between 
the superposed period and the strength correlation 
value H in terms of absolute value remains the same 

20 as in the case where the local pulse signal L and 

the receive signal Rr are in phase with each other. 

In the case where the receive signal Rr is 90 
degrees out of phase with the local pulse signal L, on 
the other hand, the multiplication result is oscillated 

25 sinusoidally around zero and the integration value 

alternates between increase and decrease. Thus, the 
strength correlation value H(i, j) assumes a very 



32 



small value. 

In this way, the delay time x changes sequen- 
tially from the initial value W to the final value 
(T - At) , so that the strength correlation values 
H(l, 1), H(l, 2), . .., H(l, M) are obtained for each 
delay time. 

Thereafter, the delay time changing unit 30 
changes the delay time x again sequentially from the 
initial value W to the final value (T - Ax) for the 
second search session, and the resulting strength 
correlation values H(2, 1), H(2, 2), H(2, M) 

are stored with the corresponding delay time x (where 
M is the quotient of dividing (T - x) by the width W 
of the trigger pulse Pt) . 

The phase relation between the two signals during 
the superposed period changes considerably with a slight 
change of the distance between the person or the vehicle 
carrying the radar device 20 and the object in the 
intended search space. Among the strength correlation 
values H(2, 1), H(2, 2), H(2, M) obtained in 

the second search session, therefore, the strength 
correlation value H during and in the neighborhood of 
the superposed period is inverted to the positive or 
negative side or changes considerably in absolute value 
as compared with the first search session. 

A similar search operation is repeated a predeter- 
mined number of times Q (100 times, for example) to 
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obtain M • Q pieces of the strength correlation values 
H(l, M) , H(2, M) , . .., H(Q, M) . Then, the frequency 
distribution generator 32 executes the process of 
generating the frequency distribution. 
5 In this frequency distribution generating process 

executed by the frequency distribution generator 32, 
each strength correlation value H(i, j) is classified, 
for example, into a total of 11 stages including five 
positive stages, five negative stages, and zero. Thus, 

10 the frequency distribution indicating the frequency 

of occurrence of each stage is generated for each delay 
time x as shown in FIG. 7. 

In the frequency distribution shown in FIG. 7, 
the frequency of occurrence varies from one stage to 

15 another during and in the neighborhood (neighborhood 

of j = k + 3) of the time zone during which the input 
period of the local pulse signal L in phase with the 
delayed trigger pulse Pt' and the input period of 
the receive signal Rr are superposed one on the other. 

20 It can then be determined stochastically that this 

variation width reaches the maximum when the input 
period of the local pulse signal L and the input period 
of the receive signal Rr are substantially completely 
superposed one on the other. 

25 The search control unit 35, based on this 

frequency distribution, checks the presence or absence 
of an object and the distance thereof in the intended 
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search space, and announces the result thereof. At 
the same time, in order to make a more detailed search 
for objects in the search space, as required, the 
change mode of the delay time x of the delay time 
5 changing unit 30 is switched to the fine search mode, 

and the frequency distribution obtained by this 
search is further analyzed. 

For example, the search control unit 35 conducts 
the sum-of-products operation of the positive stage 

10 value of the frequency distribution and the number 

of times of occurrence thereof for each delay time, 
and from the. delay time x' associated with the maximum 
value of the sum-of-products operation, the distance to 
the object in the intended search space is determined. 

15 Specifically, let v be the velocity of the radio 

wave and D the distance to the object in the intended 
search space. The distance D can be determined as 
D = vt' /2 

Also, as described above, the gain of the receiver 
20 22 is changed in accordance with the delay time x to 

suppress a large level change of the receive signal 
with the difference in the distance to the object in 
the intended search space. The level difference of 
the receive signal Rr, therefore, is dependent mainly 
25 on the reflectivity (material, size and shape) of 

the object 1 against the radar wave P in the intended 
search space. 
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The level change of the receive signal Rr with 
the difference in reflectivity presents itself as 
the magnitude of the variation of the strength corre- 
lation value H. From this magnitude of the variation, 
5 therefore, the search control unit 35 can roughly 

determine whether the object in the intended search 
space is composed of a material such as a metal high 
in reflectivity (high in hazard degree) or a person, 
an animal or a tree low in reflectivity (low in hazard 

10 degree) . In this way, the type of alarm can be changed 

in accordance with the result of determination. 

As explained above, in the radar device 20 
according to an embodiment of the invention, the local 
pulse signal L modulated by the trigger pulse Pt' 

15 delayed by the delay unit 24 is multiplied by the 

receive signal Rr obtained by receiving the reflected 
wave R, and the result of multiplication is integrated 
to determine the strength correlation value H between 
the two signals. At the same time, by changing the 

20 delay time of the delay unit 24 sequentially, the 

strength correlation value is determined for each delay 
time. Further, the frequency distribution of the 
strength correlation value against the delay time is 
determined, and based on this frequency distribution, 

25 the intended search space is analyzed. 

As a result, the radar device 20 according to the 
embodiment of the invention is capable of detecting 
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the strength of the reflected radar wave having a 
narrow width that cannot be detected by the diode 
detection circuit of the conventional radar device. 
Thus, the short-range search can be conducted with 
5 a high resolution, thereby making it possible to 

implement a short-range radar device for on-vehicle 
application or blind persons. 

Also, the radar device 20 according to the 
embodiment of the invention controls the gain of 

10 the receiver 22 in accordance with the delay time in 

advance. Even in the case where the search range 
is short in distance, therefore, the level change of 
the receive signal due to a sharp and large change of 
the reflected wave which otherwise might occur can 

15 be positively suppressed, and the strength correlation 

value can be detected accurately within an appropriate 
operation range. 

According to the embodiment described above, the 
frequency distribution is generated for the strength 

20 correlation value H of both positive and negative 

polarities detected by the correlation value detector 
26. The frequency distribution may alternatively 
be generated, however, by converting the result of 
integration into an absolute value and determining 

25 the converted absolute value as a correlation value. 

In the case where the mixer making up the 
multiplication circuit 27 involves a DC offset, 
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however, the aforementioned simple process of 
conversion to an absolute value might make impossible 
accurate detection of the correlation value under 
the direct effect of the DC offset. 
5 In the case where the effect of the DC offset 

is a problem, the correlation value detector 26 
of orthogonal detection type is employed as shown 
in FIG. 8. 

Specifically, the correlation value detector 26 

10 of orthogonal detection type includes a 90-degree phase 

shifter 41 to divide the local pulse signal output from 
the local pulse generator 25 into two signals having 
90 degrees of phase difference with each other, a 
0-degree distributor 42 to divide the receive signal 

15 output from the receiver 23 into two signals in phase, 

first and second multiplication circuits 27A, 27B in 
which the local pulse signal divided into two signals 
having 90 degrees of phase difference each other by the 
phase 90-degree shifter 41 are multiplied with the 

20 receive signal divided into two signals of egual phase 

by the 0-degree distributor 42, respectively, first 
and second integration circuits 28A, 28B to integrate 
the multiplication outputs from the first and second 
multiplication circuits 27A, 27B, respectively, 

25 first and second A/D converters 29A, 29B to convert 

the integration outputs from the first and second 
integration circuits 28A, 28B, respectively, from 
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analog to digital signal (A/D conversion) , first 
and second square operators 43A, 43B to square 
digital signals converted by the first and second 
A/D converters 29A, 29B, respectively, and an adder 
5 44 to add square operation results from the first and 

second square operators 43A, 43B and output a result 
of addition as the strength correlation value. 

In this case, the correlation value storage unit 
31 stores the result of addition output as the strength 
10 correlation value from the adder 44. 

Specifically, in the correlation value detector 
26 shown in FIG. 8, after the local pulse signal L 
is divided into two signals having 90 degrees of phase 
difference each other by the 90-degree phase shifter 
15 41, as in the case of FIG. 1, the two signals are input 

to the multiplication circuits 27A, 27B, respectively, 
each configured of a double-balanced mixer. 

Also, the receive signal Rr, after being divided 
into two signals in phase by the 0-degree distributor 
20 42, is input to the multiplication circuits 27A, 28B, 

respectively . 

As in the case of FIG. 1, a multiplication output 
Bl from the multiplication circuit 27A is integrated by 
the integration circuit 28A and the integration output 
25 thereof is held. 

Next, the value I thus held, after being converted 
into a digital value by the A/D converter 29A, is 



squared by the square operator 43A. 

Also, a multiplication output B2 from the 
multiplication circuit 27B is integrated by the 
integration circuit 28B, and the integration output 
thereof is held. 

Next, the value Q thus held, after being converted 
into a digital value by the A/D converter 29B, is 
squared by the square operator 43B. 

The square operation results of the held values I 
and Q are added to each other by the adder 44, after 
which the square root of the sum is determined by a 
square rooter 45 and output as a strength correlation 
value H. 

The correlation value detector 26 of orthogonal 
detection type determines, as a strength correlation 
value H, the effective power of the signal having 
the held values I, Q as orthogonal components. Thus, 
though detailed arithmetic operation is not described, 
an accurate strength correlation value H having 
positive polarity which is canceled the DC offset of 
each multiplication circuit can be obtained. 

Incidentally, the square rooter 45 of the correla- 
tion value detector 26 shown in FIG. 8 may be omitted, 
and the output of the adder 4 4 may be employed as a 
strength correlation value H. 

Although the trigger pulse Pt has a predetermined 
width W in the embodiment described above, the system 



can alternatively be configured in such a manner that 
the larger the delay time x, the larger the width W 
of the trigger pulse Pt output from the trigger pulse 
generator 21. By doing so, a large strength correla- 
tion value can be obtained against the reflected wave 
from a far end and the search with a high S/N is made 
possible . 

In this case, in accordance with the delay time 
x designated by the delay time changing unit 30, the 
trigger pulse generating unit 21 changes the width W 
of the trigger pulse Pt continuously or in steps. The 
strength correlation value thus obtained is corrected 
by the frequency distribution generating unit 32 
allowing for the change in pulse width. In this way, 
the strength correlation value is determined based 
on the assumption that the pulse of the same width 
is used, thereby generating a frequency distribution. 

According to this invention, therefore, the 
problem of the prior art is solved, and a radar device 
capable of correctly searching the surrounding environ- 
ment with a high resolution is provided. 

Industrial Applicability 

The radar device according to the invention, 
having the technical effect that the surrounding 
environment can be correctly searched with a high 
resolution, can find various applications for 
on-vehicle use, blind persons and medical purposes. 



